Introduction
Patterns of soil microbial community distribution have been well documented in many studies (Fierer and Jackson, 2006; Lauber et al., 2009; Chu et al., 2010; Griffiths et al., 2011) . These studies focused exclusively on the nearsurface layer (0-10 cm), in which soil microorganisms were always present in the densest populations and where they were collectively most active (Fierer et al., 2003) . However, there is no doubt that the role of subsurface soil microorganisms in soil nutrition cycling, soil respiration and ecosystem function is also important (Wardle, 2006; Wardle et al., 2006; Wagg et al., 2014; Zhou et al., 2014) , and the soil formation, ecosystem biochemical processes, contaminant degradation, as well as groundwater maintenance can be affected by these subsoil microbes (Konopka and Turco, 1991; Hiebert and Bennett, 1992; Madsen, 1995; Richter and Markewitz, 1995; Fierer et al., 2003; Li et al., 2014) . Because its environments are distinct from those of surface soils (Fritze et al., 2000; Blume et al., 2002; Fierer et al., 2003; Li et al., 2014) , the subsurface soil may contain different sets of microbial communities (Fierer et al., 2003) . However, little is known about the geographic distribution patterns of subsurface soil microbial communities. Understanding these patterns will provide useful baseline information for explaining subsurface soil biological process.
Many published studies on the microbial composition of surface and subsurface soil layers have focused on a few sites, or just a single location (Fierer et al., 2003; LaMontagne et al., 2003; Goberna et al., 2006; Xiang et al., 2008; Serkebaeva et al., 2013; Li et al., 2014) . Fierer et al. (2003) and LaMontagne et al. (2003) found that the composition of soil microbial communities was significantly different between different soil depths, and suggested the most plausible explanation was that the characteristics and properties of the different soil layers were markedly different. However, these studies only included a few sites or small areas, and the driving factors for microbial distribution in different soil layers over large scale geographic distances are still unknown.
It is widely known that surface soil microorganisms can disperse globally (Finlay, 2002; Fenchel, 2003) and proliferate in any habitat which has suitable environmental conditions . For example, the availability of nutrients and water (Hansel et al., 2008) , soil pH (Fierer and Jackson, 2006; Lauber et al., 2009; Chu et al., 2010; Griffiths et al., 2011) and the soil C/N ratios (Xiong et al., 2010; Zhang et al., 2014) can all influence the microbial community structure. In addition, soil temperature (Miller et al., 2009) , moisture (Angel et al., 2010) , nutrient availability (Orwin et al., 2006) and other abiotic factors can also affect the microbial community composition, as do biotic factors such as local plant species diversity (Mitchell et al., 2010) and regional differences in vegetation types (Kowalchuk et al., 2002; Eisenhauer et al., 2010; Knief et al., 2010; Zhang et al., 2010; Chu et al., 2011) . Recently, various studies have found that spatial distance has a strong influence on the distribution of surface microbial communities (Cho and Tiedje, 2000; Whitaker et al., 2003; Xiong et al., 2012) . Specifically, Cho and Tiedje (2000) provided one of the first examples where the genetic similarity of free-living bacteria decreased with geographic distance, pointing to the effects of various limitations that affected the bacterial dispersal. Other studies found that the current environment (e.g., local environments with specific geochemistry, resulting in distinct soil characteristics) or historical events (including dispersal limitation, past environmental conditions and spatial distance) that might influence the present-day microbial assemblages, had significant impacts on surface soil microbial distributions (Borcard et al., 1992; Martiny et al., 2006; Ramette and Tiedje, 2007; Martiny et al., 2011) . For example, some studies found that soil pH (a present-day factor) played an important role in shaping the microbial community distribution pattern over large spatial scales (Fierer and Jackson, 2006; Lauber et al., 2009; Chu et al., 2010; Griffiths et al., 2011) , while Ramette and Tiedje (2007) found that the impacts of historical contingencies on microbial communities are likely correlated with spatial distance (historical events). However, there is almost no knowledge about the pattern of subsurface soil microbial distribution on a large scale. Furthermore, we do not know whether the soil microbial community similarity between the surface and subsurface soil at a single site will be greater or less than the community difference between different sites that are spaced hundreds of kilometers apart. Increasing numbers of studies use a phylogenetic framework to reveal underground biodiversity and biogeographic patterns based on 16S rRNA gene surveys (Webb, 2000; Bryant et al., 2008; Vamosi et al., 2009) . This method can illustrate the importance of different ecological and evolutionary processes which affect the community composition. Macro-organisms including plants (Bryant et al., 2008) , hummingbirds (Graham et al., 2009) , ants (Machac et al., 2011) and bees (Hoiss et al., 2012) have been well studied using the phylogenetic framework. Recently, some studies have also investigated the phylogenetic patterns of microorganisms in different habitats (Wang et al., 2013; Shen et al., 2013 ), but we do not yet know the phylogenetic clustering patterns of soil microbial communities in surface and subsurface soils on a large scale.
Ngari, the highest, driest and coldest region in the western Tibetan Plateau, has been named the "arid core" of the Asiatic Plateau (Troll, 1972) . The low intensities of human disturbance and the extreme soil conditions may promote soil bacterial communities that are distinct from those in low elevation areas. The mainly non-anthropogenic conditions make this region an ideal setting to study natural soil microbial distributions at different soil depths. Here, using 454 pyrosequencing of samples taken at two soil depths (0-15 cm as the surface soil and 15-30 cm as the subsurface soil) at 12 sites, we compare the soil microbial community composition of surface and subsurface soils in this unique and ecologically fragile area.
Our major hypotheses were:
i. That in terms of microbial community similarity, being in the same soil profile (even if soil parameters are different) prevails over environmental similarity (similar soil physical/chemical parameters) of widely spatially scattered samples. It is expected that the dispersal limitation effect of geographic distance on the bacterial community similarity will operate more strongly than soil geochemistry. ii. That the major environmental driving factors for the surface and subsurface soil microbial community composition are different. We expected that the subsurface soil geochemistry would be different enough that different measurable environmental variables would be more important in producing depth differences in microbial communities, compared to horizontal geographic differences. iii. That phylogenetic clustering of the microbial community in the upper soil layer is stronger than that in the subsurface soil layer. It is expected that closely related lineages of bacteria will, predictably, occur together because of niche conservatism. If the role of dispersal limitation and randomness is greater, the resulting soil communities should show less of this orderly clustering of related lineages. We hypothesized that the bacteria occurring in lower soil layers are 'cut off' from effective dispersal and adjustment of their distributions to prevailing soil conditionshence, in this layer there will be less evidence of the predictable effects of environment in terms of phylogenetic clustering. Table S1 ). Across the 12 sites, Actinobacteria were higher in the subsurface samples by a factor of 4.26 6 3.14 in 8 out of 12 paired surface-subsurface soils, and Gemmatimonadetes and Betaproteobacteria were at higher levels in the subsurface samples by factors of 2.75 6 1.86 and 1.3 6 0.71 in 10 out of 12, respectively (Supporting Information Fig. S1 ). Alphaproteobacteria were more prevalent in the surface samples by 2.26 6 1.94 in 7 out of 12 paired surface-subsurface soils, Acidobacteria and Chloroflexi were higher in the surface samples by factors of 1.68 6 0.69 and 1.24 6 0.67 in 8 out of 12, and Firmicutes were higher in the surface samples by a factor of 2.83 6 2.31 in 10 out of 12 (Supporting Information Fig. S1 ).
Results

A
Non-metric multidimensional scaling plots (NMDS) showed that the microbial community structure of surface and subsurface soils in the Ngari was clearly divided (Fig. 2) . The ANOSIM analysis further confirmed that the soil microbial community in the surface soils was significantly different from that in subsurface soils (R 5 0.37, P 5 0.001). More interestingly, by calculating pairwise Bray-Curtis dissimilarity, we found that the microbial community difference between the two layers from within a single site (0-15 cm vs. 15-30 cm, separated by a few centimeters), was about the same as the average dissimilarity between one site and the other sites at the same soil depth, even though they were many kilometers apart (Supporting Information Fig. S2 and Table S2 ).
There was a clear bacterial community difference between the different soil layers (Fig. 2) . Upon testing for role of environmental variables, no factors were found which accounted for these differences. To identify the soil properties that could influence bacterial community variation among sites (surface and subsurface soil microbial community data considered together), canonical correspondence analysis (CCA) was performed. This analysis showed that the bacterial community from all the samples could be best explained by soil total carbon and C/N ratio (Supporting Information Fig. S3 ). This interpretation was supported by matrix correlation analysis between the bacterial community structures and soil total carbon (TC) and C/N (Supporting Information Table S3 ). A Mantel test showed that the soil TC was the factor which most strongly influenced the bacterial community composition in all the samples (Supporting Information Table S3 ) and NMDS results showed that the bacterial community was distributed along a TC gradient (Fig. 2 ) in the western Tibetan Plateau. Other soil factors such as pH and moisture also showed significant correlation with the bacterial community structure. In this study, the strong influences of soil TC and C/N were evident even at the coarse level of taxonomic resolution of the dominant phyla/class (Gemmatimonadetes and Deltaproteobacteria) in surface soil and Planctomycetes in the two layers (Supporting Information  Table S4 ). Together, these results strongly suggest that, separately, the microbial data from the surface and subsurface are strongly affected by TC and C/N, and that soil TC also plays an important role in shaping the distribution of the soil microbial community (including in surface and subsurface soils) in the western Tibetan Plateau.
To understand which bacterial phyla mostly contribute to community dissimilarity between the two layers, SIMPER analysis was conducted to identify the contribution of bacterial phylum/class-level differences to the overall community difference. Here, the relative abundance of microbes in the 12 sites' soil were analyzed separately. Next, the contribution and the relative abundance of bacterial phyla/classes were illustrated in a boxplot (Fig. 3) . The results revealed that the dominant phyla/classes such as Actinobacteria, Alphaproteobacteria and Gemmatimonadetes, make a greater contribution than other phyla/ classes to the community structure difference between the surface and subsurface soil ( Fig. 3 and Supporting Information Table S5 ). However, although the relative abundance of Acidobacteria was greater than that of Firmicutes, Acidobacteria made a smaller contribution to the community difference. This suggests that high relative abundance of these particular phyla/classes may not result in a correspondingly large contribution to the microbial community dissimilarity between the two layers.
Distinctions in the bacterial community structure between the surface and subsurface soils led us to investigate the soil factors which separately influence the bacterial community distribution between the layers. In the surface soils, we found TC, C/N and pH strongly influenced the microbial community distribution (Supporting Information Fig. S4A ), which was further confirmed by Mantel test, suggesting that soil TC (r 5 0.55, P < 0.001) could be the main driver of the bacterial community composition (Supporting Information Table S6 ). In the subsurface soils, TC and C/N also strongly influenced the bacterial community structure (Supporting Information Fig. S4B ) and TC was the best predictor (r 5 0.49, P < 0.001) of the subsurface bacterial community distribution (Supporting Information  Table S6 ). In addition to TC and C/N, soil ammonium was also significantly correlated with the subsurface community composition (Supporting Information Table S6 ). Other factors might also affect the community composition but not in a consistent and predictable way.
In order to examine whether local environmental factors (contemporary) or spatial distance (historic legacy) exhibited more influence on the microbial community distribution from each of the different soil layers, we explored the relative contributions of geographic distance and environmental variables. Our results showed that the measured soil variables, i.e. environmental factors, had a stronger correlation with the broad-scale surface and subsurface soil bacterial dissimilarities than distance factors (Fig. 4) . These results were confirmed by Partial Mantel tests between the environments, spatial distance and bacterial community composition (Supporting Information Table S7 ). We thus suggest that contemporary factors play a more important role than historical factors in shaping the broadscale bacterial community pattern of both the surface and subsurface soil layers across the western Tibetan Plateau. In order to analyze the phylogenetic community composition, mean nearest taxon distance (MNTD) was calculated. NMDS based on MNTD measurements showed that samples were phylogenetically segregated by soil depth (Fig. 5) . A permutational multivariate analysis of variance showed that soil depth explained 13.5% of the variation in phylogenetic community composition (P < 0.001, 9999 permutations). The MNTD values increased with soil depth (t-test, P 5 0.001; Fig. 6 ), which indicates that in surface soil layer samples, phylogenetic clustering is stronger than in samples from the subsurface layer. All of the standardized effect sizes of MNTD (ses.MNTD) values obtained using the null model were significantly negative, which shows that the bacterial communities tended to be more phylogenetically clustered than would be expected by chance. Further, the standardized metric showed a similar pattern to that of the MNTD (t-test, P 5 0.02; Fig. 6 ), which indicates that random effects have only a minor influence on the depth pattern of the bacterial phylogenetic structure.
Discussion
Our first hypothesis was that the soil microbial community is more likely to cluster vertically on the centimeter scale than to assemble in similar environmental conditions on a large horizontal scale. However, we found that the bacterial community difference between the two soil layers at each site was no different from the average dissimilarity between sites on the horizontal scale. There have been many studies investigating microbial community distribution patterns at scales from centimeters to meters (Franklin and Mills, 2003; Philippot et al., 2009 ), or at the landscape scale (Yergeau et al., 2009; Bru et al., 2011; Shi et al., 2015) . For example, Ramette and Tiedje (2007) reported that the difference in community composition within the Burkholderia bacterial group at small scales (between individual plant roots) was greater than that on large spatial scales (across a field) and they suggested that the community composition at the small scale was mostly related to the surrounding environmental conditions. Thus, the vertical centimeter scale community differences in our study might be caused by differences in Fig. 4 . Relationships between bacterial community, spatial distance and environmental distance. Fig. 5 . Non-metric multidimensional scaling plots of community dissimilarities within soil depth groups using betaMNTD.
Scaling of soil bacteria community diversity 1527 environmental factors between the soil layers. It is well understood that microbial communities are strongly influenced by soil properties (Fierer and Jackson, 2006; Chu et al., 2010; Griffiths et al., 2011; Shen et al., 2013; Zhang et al., 2014) such as available carbon, pH and moisture. Interestingly, Smith et al. (1999) found that wind speed and direction could influence the distribution of sewageassociated bacteria. It is also known that microbes can associate with dust, one study found that the distribution dust-associated bacteria and fungi could best be explained by climatic and soil variables (Barber an et al., 2015) . Considering this, we suggest that the wind might also drive soil microbial distribution over cm or km spatial scales in the dry, cold Ngari. In this study, the microbial community varies in relation to several identifiable parameters, including horizontal space (Fig. 2) Information Fig. S4 ). Because of low temperatures and limited N availability, organic matter in Tibetan soils decomposes relatively slowly (Yang et al., 2008) and differences in soil temperature between different layers will result in different decomposition rates. Several factors (TN, NH (Table 1) . Possibly, these differences in vertical soil conditions (on the centimeter scale) had a stronger influence in altering soil microbial community composition of surface and subsurface soil than they did over distances of many kilometers horizontally We also hypothesized that vertical variation in the soil microbial community, between near-surface and subsurface soil layers within the same profiles, would be influenced by different parameters when compared to samples separated horizontally between sites. Contrary to our assumption, although the microbial community composition differed between the surface and subsurface soils, the community structure was driven by similar soil parameters, i.e., TC and C/N. We found soil carbon to be a robust predictor for both surface and subsurface soil microbial community distribution. In other studies, available carbon substrates usually decreased with soil depth, presumably because of the reduced input of plant litter and root exudates (Blume et al., 2002; Fierer et al., 2003; LaMontagne et al., 2003) . However, while we found that TN, NH 
-N, NO
2 3 -N and DON in the surface soil were higher than in the subsurface soil, we did not find any difference in total soil C between the surface and subsurface soil ( Table 1) . The reason might be that the soil microbial community was more strongly limited by the soil TN and available nitrogen in different layers, with N causing the variation in community with depth.
In this study, we found the dominant phyla/classes Actinobacteria, Alphaproteobacteria and Gemmatimonadetes contributed most to the difference in bacterial communities between the surface and subsurface soil (Fig. 3) . These phyla/classes comprised nearly 60% of the total sequences. Actinobacteria can produce a wide variety of antibiotics (Berdy, 2005; Manivasagan et al., 2013) , and have been found to be predominant in alkaline Tibetan soils , consistent with our results that more alkaline soils had a higher relative abundance of Actinobacteria (Table 1) . Alphaproteobacteria are mostly fast growing and preferred nutrient-rich soil environments (Fierer and Jackson, 2006; Lauber et al., 2009; Chu et al., 2010; Shi et al., 2015) . However, in this study, the relative abundance of Alphaproteobacteria decreased with increasing carbon conditions (C/N, DOC) in surface soils (Supporting Information Table S4 ), which might be caused by the limited N availability in the Tibetan Plateau (Yang et al., 2008) . Gemmatimonadetes, identified as one of the top nine phyla found in soils (DeBruyn et al., 2011) , and suggested to live particularly in low soil moisture conditions (Janssen, 2006) , showed positively correlation with the surface soil TC and DOC (Supporting Information Table S4 ). However, high relative abundance did not always equate to a high contribution to the difference between layers. For example, Acidobacteria had higher relative abundance than the Gemmatimonadetes in the soils, but Gemmatimonadetes were more important in producing differences in the communities.
In order to determine whether the distribution of soil bacteria in different soil layers in the Ngari was controlled more by dispersal limitation or habitat environment, we compared the relationship between the bacterial community dissimilarity, environmental difference and spatial distance. Although environmental factors were the stronger predictors of community composition, we also observed a significant distance-decay relationship for bacterial community structure at both soil depths. Dispersal limitation and variation in past environmental conditions may contribute to the patterns of spatial variability in microbial communities (Cho and Tiedje, 2000; Green et al., 2004; Martiny et al., 2006; Martiny et al., 2011) , because changes in environmental conditions over time may generate significant biogeographical endemism within microbial communities, and these contingencies could increase with spatial distance among communities (Chu et al., 2010; Martiny et al., 2006) . However, some studies have suggested that the environment is more important than spatial distance in shaping bacterial community distribution in soils in America (Fierer and Jackson, 2006) , Britain (Griffiths et al., 2011) and the Arctic (Chu et al., 2010) . Our results suggest that both the local environment and historic factors influence the microbial spatial pattern in surface and subsurface soils, but the contemporary environment is the primary driver in the western Tibetan Plateau.
In this study, we found that samples were phylogenetically segregated by soil depth. In both surface and subsurface soils, the ses.MNTD distribution mean deviated significantly from zero, indicating that bacterial assemblages had significantly higher phylogenetic clustering than would be expected by chance, which suggests that communities were structured by environmental filtering. This result is consistent with several previous studies in various habitats (Casamayor and Barber an, 2010; Stegen et al., 2012; Wang et al., 2013) , which showed that microbial communities tend to be phylogenetically clustered. Furthermore, phylogenetic clustering was stronger in surface soils than in subsurface soils, which may be related to the increased importance of environmental filtering in surface soils. These results were similar to the Bray-Curtis distances of the Ngari microbial biogeographic pattern. Together, our results suggest that bacterial community samples from the surface and subsurface soil layers presented similar or greater differences than samples from the same layers kilometers apart, revealing the overwhelming importance of environmental factors in determining microbial community variation on both scales.
Experimental procedures
Soil sampling
We collected soil samples at 12 study sites over a broad area (300,000 km 2 ) in the northwest of Tibet, China (Supporting Information Fig. S5 ) during July to August 2011. At each site, the upper 15 cm of soil was collected from five random locations within a given plot of 100 m 2 and composited into a single soil sample, while the corresponding 15-30 cm of soil Table 1 . Description of the soil variables by study site. DON, dissolved organic nitrogen; TN, total nitrogen; SM, soil moisture content; TC, total carbon content; DOC, dissolved organic carbon; C/N, carbon and nitrogen ratio; NH Scaling of soil bacteria community diversity 1529 was collected at the same time and then mixed together. All soil samples were shipped on ice packs (48C) to the lab as soon as possible, where they were stored at 2208C until processing.
Soil description
Soil for C and N analyses was air dried, sieved (2 mm mesh), handpicked to remove fine roots, ground, and then determined by combustion (CNS-2000; LECO, St. Joseph, MI, USA) (Supporting Information Table S1 ). Soil moisture was measured gravimetrically after a 10 h desiccation at 1058C. Soil pH was determined with a fresh soil to water ratio of 1:5 by pH monitor (Thermo Orion-868) (Supporting Information Table S1 ). All the sites were located by GPS (Table 1) . Dissolved organic carbon (DOC), dissolved total nitrogen (DTN), ammonium (NH 1 4 -N) and nitrate (NO 2 3 -N) were determined as described (Chu et al., 2010) (Supporting Information Table S1 ).
pyrosequencing
To compare the bacterial diversity and community structure from surface and subsurface soils, we used 454 pyrosequencing. Soil DNA was extracted from 0.5 g of fresh soil following the Power Soil kit (MO BIO Laboratories, Carlsbad, CA, USA) procedure. The primer F515, GTGCCAGCMGCCGCGG, with the Roche 454'A' pyrosequencing adapter and a unique 7 bp bar-code sequence, and primer R907, CCGTCAATTCMTT-TRAGTTT, with the Roche 454'B' sequencing adapter at the 5'-end of each primer, were used for amplification of the V4-V5 hyper variable regions of bacterial 16S rRNAs (most bacteria and a few archaea). In this study, a few archaeal sequences (<3%) were also recovered. Each sample was amplified in triplicate in a 50 ll reaction with the following conditions: 30 cycles of denaturation at 948C for 30 s, annealing at 558C for 30 s and extension at 728C for 30 s, with a final extension at 728C for 10 min. PCR products from each sample were pooled together and purified with agarose gel DNA purification kits (TaKaRa), combined in equimolar ratios in a single tube and run on a Roche FLX454 pyrosequencing machine (Roche Diagnostics Corporation, Branford, CT, USA).
Data analysis
Raw sequence data were processed and analyzed using the quantitative insight into microbial ecology (QIIME) pipeline (http://qiime.sourceforge.net/) . Reads which were <200 bp long or had an average quality score <25 were removed (Huse et al., 2007) . Clustering of quality sequences into operational taxonomic units (OTUs) was generated through UCLUST based on a 97% similarity level (Edgar, 2010) . The taxonomic identity of each phylotype was determined using the Greengenes database (http://greengenes.lbl.gov/). In this study, 2900 sequences per sample (OTU-table 2900) were randomly selected to calculate the Bray-Curtis (Bray and Curtis, 1957 ) dissimilarity between each pair of samples. Faith's index (Faith, 1992) was used to determine the phylogenetic diversity and the richness (i.e., number) of phylotypes for each sample and was calculated using the OTU-table 2900. SPSS 20.0 was used to compare the correlations between microbial diversity and soil variables. Mantel test were calculated using the microbial dissimilarity matrix and environmental dissimilarity matrix, where microbial dissimilarity were calculated based on the Bray Curtis method using the OTU table and the environmental dissimilarity was calculated based on the Euclidean method using the soil variables' table. Here, all the environmental variables were normalized before the calculation, and factors' autocorrelation were tested using envfit (in the vegan package) before analysis, only variables with no autocorrelation were included in calculating the environmental dissimilarity. In order to test the relationship between the microbial community and each environmental factor, we also calculated the dissimilarity of one environmental factor (eg.TC) among the sites. Non-metric multidimensional scaling analyses (NMDS) were performed on the Bray-Curtis dissimilarity for the microbial community data (OTU-table 2900). Canonical corresponding analysis (CCA) was conducted between microbial community data (OTU-table 2900) and soil variables. The Mantel test, SIMPER analysis (Clarke, 1993) , NMDS and CCA analysis were conducted using the vegan package (Dixon, 2003) R364 3.0.1 (http://cran.stat.sfu.ca/).
To quantify phylogenetic turnover in community composition between a given pair of samples (i.e., 'phylobetadiversity'), we used mean nearest taxon distance (MNTD) separating OTUs into two communities (Fine et al., 2011; Stegen et al., 2012) . MNTD is the mean phylogenetic distance to the closest relative in a paired community for all taxa (Fine et al., 2011) and is sensitive to changes of lineage close to the phylogenetic tips. We performed non-metric multidimensional scaling based on MNTD measures to depict community composition in two dimensions. To test that soil depth structure distribution of bacteria, permutational multivariate analysis of variance was used (Anderson et al., 2001) .
To evaluate the degree of non-random phylogenetic community structure, OTUs and their relative abundances were randomized across the tips of phylogeny (null.model 5 'taxa.labels' in 'ses.mntd'). The standardized effect size measure (ses.MNTD) quantifies the number of standard deviations that the observed MNTD is from the mean of the null distribution (999 randomizations). The obtained ses.MNTD can be used to test for phylogenetic clustering or over dispersion (Webb, 2000) . Negative ses.MNTD values and low quantiles (P < 0.05) indicate that co-occurring species are more closely related than expected by chance (clustering), whereas positive values and high quantiles (P > 0.95) indicate that the co-occurring species are less closely related than expected by chance (over dispersion) (Webb et al., 2000) . These analyses were implemented in the R environment (http://www.r-project.org) with the package Picante 1.2-0 (Kembel et al., 2010) .
Sequences generated in this study have been deposited in the European Molecular Biology Laboratory (EMBL) database under accession number ERP009919 (http://www.ebi.ac.uk/ ena/data/search?query5ERP009919).
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